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Global DNA methylation is influenced by smoking behaviour
Abstract
The level of epigenetic DNA methylation is an important factor in the pathogenesis of various human
diseases. As smoking may influence DNA methylation, we investigated the effect of smoking habits on
global DNA methylation in 298 genomic DNA samples (73 fathers, 69 mothers and 156 offspring). We
did not find a direct effect of smoking on global DNA methylation. However, there was an association
of the offspring's DNA methylation with paternal DNA methylation that was strongest if both had never
smoked (R2corr=0.41, Beta=0.68, p=0.02) and completely vanished if the offspring smoked or had ever
smoked. These findings suggest an association between smoking behaviour and global DNA
methylation, which may be of importance for a wide range of diseases.
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Abstract 
The level of epigenetic DNA methylation is an important factor in the pathogenesis of various 
human diseases. As smoking may influence DNA methylation, we investigated the effect of 
smoking habits on global DNA methylation in 298 genomic DNA samples (73 fathers, 69 
mothers and 156 offspring). We did not find a direct effect of smoking on global DNA 
methylation. However, there was an association of the offspring’s DNA methylation with 
paternal DNA methylation that was strongest if both had never smoked (R2corr=0.41, 
Beta=0.68, P=0.02) and completely vanished if the offspring smoked or had ever smoked. 
These findings suggest an association between smoking behaviour and global DNA 
methylation, which may be of importance for a wide range of diseases. 
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 Introduction: 
Tobacco smoking is one of the most important risk factors for vascular diseases and different 
types of cancer. The mechanisms by which tobacco consumption is harmful are not elucidated 
in detail. Recent studies focused on epigenetic mechanisms that may influence cancerogenesis 
and development of other diseases. Experimental studies showed an effect of nicotine 
exposure on promoter methylation (Soma et al., 2006; Marsit et al., 2006). Epigenetic 
promoter methylation, especially of the p16 gene, due to tobacco smoking has been suggested 
to be one important pathway in the pathogenesis of lung cancer (Kim et al., 2001; von Zeidler 
et al., 2004; Dammann et al., 2005). Changes in specific promoter methylation have also been 
suspected to be associated with tobacco smoking and with a poor prognosis in lung cancer 
(Kikuchi et al., 2006; Johnson et al., 2006). In addition, an association of lung cancer with 
global DNA methylation has been found (Piyathilake et al., 2001).  
The methionine/homocysteine metabolism influences transmethylation reactions, including 
DNA methylation, in which a methyl group is transferred to the cytosine residue in the 
dinucleotide sequence CpG (Lenz et al., 2006; Bleich et al., 2006). Little is known about the 
influence of environmental conditions such as smoking habits on DNA methylation which 
have an important impact on the homocysteine metabolism. Aim of the present analysis was 
to investigate whether smoking affects global DNA methylation.  
 
Experimental procedures: 
We analysed 298 genomic DNA samples (in which DNA was available for measurement of 
global DNA methylation) of German individuals with Caucasian ancestry. The samples were 
derived from a larger collection of DNA samples derived from an ongoing study that 
investigates the genetics of the carotid artery intima media thickness (Linnebank et al., 2006; 
Moskau et al., 2005). In the present analysis, 78 subjects had vascular diseases (mean age ± 1 
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standard deviation: 63.6±9.1years, 23.1% female), 64 subjects were spouses (61.7±8.8 years, 
79.7% female) and 156 were offspring (35.1±7.9 years, 50.6% female). Cigarette 
consumption was recorded as “pack-years” (pack-years = number of packs of cigarettes 
smoked per day multiplied by the number of years of smoking), which is a useful and 
frequently used method to describe lifetime cigarette consumption (Powell et al., 1997; 
Shriver et al., 2000) and as smoking status (smokers vs. never-smokers). 
Laboratory analysis to assess global DNA methylation was performed as previously described 
in more detail (Bleich et al., 2006): briefly, genomic DNA was extracted from leukocytes 
using standard methods. DNA was either digested with MspI or HpaII endonucleases (New 
England Biolabs, Beverly, MA). Both enzymes cut 5’-CCGG-3’ motifs, only HpaII is 
inhibited by methylation of the inner cytosine residue. Open ends were filled with Cy-5TM 
(GE Health Care, Munich, Germany) in a single nucleotide extension reaction. Fluorescence 
was measured on a Molecular Imager FX (Biorad, Hercules, CA) and quotients of 1-
(HpaII/MspI) were calculated from 3 independent experiments.  
 
Statistical analysis:  
All variables were distributed normally (using the Kolmogorov-Smirnov Test). Student´s t-
test and one-way analysis of variance (ANOVA) were used for comparisons between groups, 
general linear models for multiple testing. Furthermore, we applied linear regression models 
to analyze possible associations and judged the strength of these associations using the 
corrected R² value. 
In the first step of the analysis direct effects of smoking behaviour were assessed.  
In a second step we tried to meet the concern that global DNA methylation shows a very high 
inter-individual variance requiring long-term data to study a possible influence of 
environmental factors. As such long-term data are very difficult to obtain, we investigated 
whether smoking affects the known association between paternal global DNA methylation 
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and DNA methylation in offspring. In this additional statistical approach, we performed an 
indirect analysis based on the known heritability of DNA methylation patterns with a 
dominant paternal mode of heredity (Chong et al., 2007; Pembrey et al., 2006) and on the 
relative stability of global DNA methylation throughout the individual lifespan (Pagani et al., 
1990; Sandovici et al., 2003). Also, other recent studies suggested paternal heredity 
transmission as reason for specific transgenerational responses (Pembrey et al., 2006; Chong 
et al., 2007). We hypothesize that the global DNA methylation of father and child should be 
similar at gestation and that this association is weakened by environmental factors like 
tobacco consumption during the years. Based on this hypothesis, we assumed that an effect of 
smoking on DNA methylation could be indirectly tested by stratification of the study 
population according to the smoking status of fathers and children. We expected the strongest 
association for those pairs, in which both were never-smokers and the weakest association for 
those pairs in which both were smoking. The strength of an association is reflected by a 
higher corrected  R2 value in the linear regression model which allows to compare the strength 
of different tested associations. 
For the indirect assessment, regarding the association between paternal DNA methylation and 
DNA methylation in offspring, we multiplied the referring paternal cases for this specific 
statistical analysis, because many parents in the study had more than one child. This was done 
to assure that every offspring exhibits his respective paternal data in the analysis. 
All analyses were performed using SPSSTM for Windows 14.0 (SPSS Inc., Chicago, IL).   
 
 
Results: 
Demographic characteristics of the study population are given in Table 1. 
To assess a possible impact of smoking behaviour, we first analysed the global DNA 
methylation of smokers vs. never-smokers in the global sample and after stratification for 
 5
gender and subgroups (patients, partners, offspring). We found no significant differences 
between groups (T-Test for independent samples: T=0.30, p=0.76), for the whole sample and 
after stratification for gender (males: T=-1.19, p=0.24; females: T=1.45, p=0.15) and 
subgroups (patients: T=-0.48, p=0.63; partners: T=0.33, p=0.74; offspring: T=-0.43, p=0.67). 
Using a general linear model (dependent variable: global DNA methylation, fixed factors: 
smoking status, gender and subgroup-affiliation; covariates: age), we found no significant 
results for any of the included variables (whole model: R²=-0.03, p=0.78).  
In a second analysis, in which we only investigated smokers (N=182), we failed to find an 
association between pack years and global DNA methylation (linear regression; whole 
sample: Beta=-0.00, p=0.96; males: Beta=-0.07, p=0.48; females: Beta=-0.14, p=0.25).  
In a first general linear model, the global DNA methylation of the offspring was computed as 
dependent variable, the smoking status (dichotomised) of each parent as fixed factors and the 
paternal global DNA methylation as covariates. Even though showing a trend, the whole 
model failed to reach significance (R²=0.10, p=0.09). As expected, only the paternal global 
DNA methylation had an impact on the global DNA methylation of the offspring (Beta=0.24, 
p=0.04). Further analysis investigated the association between paternal and offspring DNA 
methylation, stratified according to their respective smoking behaviour. We found a highly 
significant association only when the offspring did not smoke, association being strongest, 
when both father and offspring were never-smokers (R²=0.41, p=0.02; Table 2).  
 
Discussion: 
The investigation of environmental factors that influence epigenetic mechanisms is of high 
interest for the understanding of pathological mechanisms in a wide range of diseases. Our 
findings show that smoking may have a long-term effect on global DNA methylation. We 
used the paternal heredity to investigate a possible long-term effect. This is possible because, 
as previously described, the heredity of the epigenetic global DNA methylation pattern has 
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been described to be paternal (Chong et al., 2007). A high concordance between paternal and 
infantile global DNA methylation can therefore be assumed. Furthermore, other recent studies 
suggested a sex-specific, male-line transgenerational response (Pembrey et al., 2006). Of 
course, also similarities in lifestyle of fathers and offspring have to be considered.  
As our results show, the association between offspring’s and paternal global DNA 
methylation is strongest if both are never-smokers. This association is less pronounced but 
still significant if offspring of smokers are non-smokers. It is interesting that if descendants 
smoke themselves, the association completely vanishes. This is likely due to the effect of 
smoking on global DNA methylation. However, we did not find a significant influence of 
smoking habits on epigenetic global DNA methylation in our sample., but these negative 
findings are not completely in contrast to the other results of our study: We have seen high 
inter-individual differences for the global DNA methylation, that may be due to both genetic 
and lifestyle influences. Therefore we assumed that only a large-scale long-term study could 
detect the intra-individual effects of smoking on the global DNA methylation.  
When interpreting the present findings it is important to keep in mind that global DNA 
methylation is not a marker for gene specific epigenetic changes, as gene-specific 
hypomethylation can occur in individuals showing a global DNA hypermethylation and vice 
versa. It is of importance to investigate the effect of smoking on promoter specific DNA 
methylation of selected protooncogenes and tumor-suppressor-genes in cancer association 
studies. This would help to assess the clinical importance of these possible epigenetic changes 
due to smoking habits in particular diseases. These epigenetic changes due to alteration of 
DNA methylation may change the activity of specific genes (silencing) (Abdolmaleky et al., 
2004; Rodenhiser and Mann, 2006). However, the results of the study are limited by the lack 
of a more precise evaluation of smoking pattern including psychological assessments.  
The findings of the present study are in line with recent studies suggesting an association 
between smoking and global DNA methylation (Hsiung et al., 2007), which may be of high 
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importance for a deeper understanding of epigenetic mechanisms, particularly in oncological, 
neuropsychiatric and addictive diseases (Laird and Jaenisch, 1996; Holliday, 1987).  
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Table 1: Demographic characteristics 
 
 Fathers (N=73) Mothers (N=69) Offspring (N=156) 
Age 63.9±8.4 61.5±9.5 35.1±7.9 
Global DNA 
methylation (%) 
39.1±17.1 37.9±13.9 39.6±16.9 
Smokers (%) 80.8% 37.7% 62.2% 
Pack years* 32.2±29.0 8.1±14.1 9.1±11.4 
 
Values given as means ± standard deviation; * whole study sample 
 
Table 2: Heredity of global DNA methylation in relation to smoking status 
 
Offspring smoking 
status 
Paternal smoking 
status 
R2 corrected Beta p 
smokers -0.00 0.15 n.s. Smokers 
non-smokers -0.05 -0.24 n.s. 
smokers 0.16 0.43 0.02 Non-smokers 
non-smokers 0.41 0.68 0.02 
n.s.=not significant 
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